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An	Electrochemical
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time	Detection	and
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Microorganisms	for
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Technology	Maturity
TECHNOLOGY	DESCRIPTION
Recent	work	by	a	group	at	the	University	of	Toronto	(U	of	T)	has	focused	on	developing	an
electrochemical	platform	that	combines	ultrasensitive	detection,	straightforward	sample
processing,	and	inexpensive	components	to	create	a	cost-effective,	user-friendly	device	for
detection	and	identification	of	microorganisms.		The	platform	combines	an	electrical	cell	lysis
chamber,	and	electrochemical	reporter	system,	and	nanostructured	microelectrodes	(NMEs)	to
detect	specific	nucleic	acid	sequences.		The	nucleic	acid	sequences	are	unique	to	a	given	type	of
microorganism	and	can	be	used	to	identify	the	microorganisms	present	in	a	sample.
This	technology	is	categorized	as	a	hardware	system	for	manned	spaceflight
Technology	Area
TA06	Human	Health,	Life	Support	&	Habitation	Systems	(Primary)
TA07	Human	Exploration	Destination	Systems	(Secondary)
CAPABILITIES	PROVIDED
This	analytical	platform	has	the	potential	to	significantly	enhance	both	environmental	and	medical
monitoring	capabilities	for	manned	spaceflight.		It	is	a	non-traditional	approach	to	detection	and
identification	of	microorganisms	that	overcomes	many	of	the	limitations	of	standard	techniques
such	as	the	need	for	time-consuming	culture	steps	and	the	use	of	harmful	chemicals.		The
intended	product	of	this	work	is	a	detailed	assessment	of	the	electrochemical	approach	to	the
genetic	identification	of	bacteria.		This	approach	is	radically	different	from	the	often	employed
polymerase	chain	reaction	method.		The	technology	is	expected	to	provide	a	sensitive,	specific,
and	rapid	sample-to-answer	capability	for	in-flight	microbial	monitoring	that	can	distinguish
between	related	microorganisms	(pathogens	and	non-pathogens)	and	chemical	contaminants.	
Further,	the	project	is	expected	to	eliminate	the	need	for	sample	return	while	significantly	reducing
crew	time	required	for	detection	of	multiple	targets
...
Performance	Metrics
Metric Unit Quantity
sample-to-answer	capability minutes 30
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TECHNOLOGY	DETAILS
POTENTIAL	APPLICATIONS	(CONT'D)
The	low	cost,	low-power,	deployable,	point	of	use	microbial	and	chemical	detection	system	under	development	in
this	project	is	expected	to	provide	opportunities	for	environemntal	monitoring	in	developing	areas	or	in	the	field
where	power	and	computing	resources	are	scarce.
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IMAGE	GALLERY
Example	of	current	differences	before	and	after	addition	of	a	bacterial	sample	to	the	NMEs.
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ABSTRACT	(CONTINUED	FROM	PAGE	1)
platform	is	expected	to	provide	a	sensitive,	specific,	and	rapid	sample-to-answer	capability	for	in-flight	microbial
monitoring	that	can	distinguish	between	related	microorganisms	(pathogens	and	non-pathogens)	as	well	as
chemical	contaminants.		This	will	dramatically	enhance	our	ability	to	monitor	the	spacecraft	environment	and	the
health	risk	to	the	crew.		Further,	the	project	is	expected	to	eliminate	the	need	for	sample	return	while	significantly
reducing	crew	time	required	for	detection	of	multiple	targets.		Initial	work	will	focus	on	the	optimization	of	bacterial
detection	and	identification.		The	platform	is	designed	to	release	nucleic	acids	(DNA	and	RNA)	from
microorganisms	without	the	use	of	harmful	chemicals.		Bacterial	DNA	or	RNA	is	captured	by	bacteria-specific	probe
molecules	that	are	bound	to	a	microelectrode,	and	that	capture	event	can	generate	a	small	change	in	the	electrical
current	(Lam,	et	al.	2012.	Anal.	Chem.	84(1):	21-5.).		This	current	is	measured,	and	a	determination	is	made
whether	a	given	microbe	is	present	in	the	sample	analyzed.		Chemical	detection	can	be	accomplished	by	directly
applying	a	sample	to	the	microelectrode	and	measuring	the	resulting	current	change.		This	rapid	microbial	and
chemical	detection	device	is	designed	to	be	a	low-cost,	low-power	platform	anticipated	to	be	operated
independently	of	an	external	power	source,	characteristics	optimal	for	manned	spaceflight	and	areas	where	power
and	computing	resources	are	scarce.
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ANTICIPATED	BENEFITS
To	NASA	unfunded	&	planned	missions:	(CONT'D)
By	providing	enhanced	in-flight	monitoring	capabilities,	we	can	reduce	or	eliminate	the	reliance	on	archival
samples	and	improve	our	response	to	in-flight	contamination	events.
To	the	commercial	space	industry:
A	device	expected	to	provide	a	sensitive,	specific,	and	rapid	sample-to-answer	capability	for	microbial	and	chemical
detection	has	potential	uses	for	evaluation	of	these	targets	in	commercial	space	vehicles	and	facilities	to	meet
standards	for	environmental	monitoring.
To	the	nation:
The	portability	of	the	device	and	capabilities	provided	address	existing	monitoring	needs	for	both	spacecraft	and
terrestrial	environments.
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